Parathyroid carcinoma (PC) is a rare malignancy, accounting for approximately 11 cases per 10 million people in the United States, and less than 1% of all patients with primary hyperparathyroidism[@CR1]--[@CR6] Preoperative diagnosis is difficult, and the majority of patients are diagnosed at the time of surgery or postoperatively on final pathology. Patients with PC typically suffer from multiple recurrences, undergo numerous surgical resections, and eventually develop metastases.[@CR7]--[@CR9] The 5-year and 10-year overall survival (OS) rates range from 78 to 86% and 49 to 77%, respectively.[@CR3]^,^[@CR10] Disease-related mortality is usually secondary to uncontrolled hypercalcemia.[@CR14]

The mainstay of treatment for PC is surgery. Complete surgical resection with en-bloc excision of the ipsilateral thyroid lobe and any involved structures is generally recommended.[@CR15]^,^[@CR16] Microscopically negative margins are considered the best chance for cure.[@CR17] Chemotherapy has not yet shown benefit, and is generally considered an ineffective therapy in PC.[@CR8]^,^[@CR14]^,^[@CR17] PC is also usually considered radio-resistant, and therefore adjuvant external beam radiotherapy (EBRT) has not traditionally been deemed effective.[@CR4]^,^[@CR14]^,^[@CR17] The routine use of EBRT is not currently recommended by the American Association of Endocrine Surgeons (AAES).[@CR16] However, a few very small case series have documented encouraging results for a potential role of adjuvant EBRT in locally invasive PC, when microscopic residual disease is present, or after multiple recurrences.[@CR11]^,^[@CR18] Therefore, using a large national database, we aimed to characterize the patient population undergoing EBRT, and investigate any potential contribution of EBRT towards improved OS in patients with PC.

Methods {#Sec1}
=======

This study was designated as exempt by the Institutional Review Board at Weill Cornell Medicine, given the use of publicly available de-identified data from the American College of Surgeons National Cancer Database (NCDB). The NCDB is the largest cancer registry in the world, representing more than 70% of newly diagnosed cancer cases in the United States, and containing data from over 1500 Commission on Cancer (CoC)-accredited facilities.[@CR21] Reported variables include patient demographics, comorbidity severity, pathologic factors, treatments provided, and treating facility characteristics.[@CR22] The size of the database and variety of variables reported make the NCDB an ideal database to study rare malignancies and investigate potential prognostic factors.

Patient Population {#Sec2}
------------------

The 2016 NCDB Participant Use Data File was used for analysis. All patients treated for PC from 2004 to 2016 were identified using the primary site code C75.0 and International Classification of Disease for Oncology, 3^rd^ Edition (ICD-O3) morphologic codes 8000 (neoplasm), 8140 (adenocarcinoma, NOS), 8010 (carcinoma, NOS), and 8290 (oxyphilic adenocarcinoma), and an ICD-O3 behavior code indicating invasion or micro-invasion.[@CR23] Patients were excluded if all treatment was performed outside of the reporting facility (*n* = 7), or if they did not undergo surgery (*n* = 15). Patients were subsequently divided into two groups based on treatment with EBRT. The use and impact of EBRT was further assessed in two distinct subgroups:[@CR1] in patients with definitive PC demonstrated by factors that supplement histologic diagnosis---lymph node metastasis, distant metastasis, or local extension, and[@CR2] in patients with localized and completely resected disease.

Dependent and Independent Variables {#Sec3}
-----------------------------------

The primary outcomes of interest were rate of adjuvant EBRT administration among the entire cohort and overall survival of patients in each group. Secondarily, demographics, tumor characteristics, treatment facility data, and surgical outcomes were compared between groups to identify factors associated with use of EBRT. Administration of EBRT was determined based on the radiation treatment summary defined by the NCDB. Chemotherapy included both single and multi-drug therapies, and radical surgery was defined as partial or total removal of the parathyroid with resection in continuity of at least part of another organ. The R system was used to evaluate success of surgical resection, where R0 represents complete microscopic tumor resection, R1 complete macroscopic resection, and R2 incomplete macroscopic resection.[@CR24] In terms of patient demographics, median income references the median household income for the patient's residential zip code based on the 2016 American Community Survey data.

Statistical Analysis {#Sec4}
--------------------

Descriptive statistics were performed using Student's *t* test and Chi squared tests for continuous parametric and categorical variables, respectively. Univariable and multivariable logistic regressions were used to identify variables independently associated with EBRT administration. Only variables with *p* \< 0.1 on univariable analysis were included in the multivariable model. Survival analyses by means of Kaplan--Meier estimates with subsequent multivariable Cox proportional regression models were performed. Variables were included in the multivariable Cox regression regardless of result in the univariable analysis in order to adequately assess factors previously reported in the literature to impact OS.[@CR1]^,^[@CR9]^,^[@CR12]^,^[@CR13]^,^[@CR25] In addition, to help account for the nonrandom treatment assignment of EBRT, inverse probability weighting (IPW) using propensity scores was performed to reduce the effects of confounders. Individual propensities of undergoing EBRT were estimated using a multivariable logistic regression model including the covariates age, comorbidity score, treatment facility county and type, tumor size and extension, nodal and distant metastasis, type of procedure, and success of surgical resection. The Hosmer--Lemeshow test was used to ensure proper fit of the model. The association of EBRT and mortality was then estimated by a Cox regression model using the propensity-score IPW trimmed at the 1^st^ centile.[@CR26] The NCDB excludes data on vital status for patients diagnosed in 2016 due to limited follow-up; therefore, these patients were excluded from all survival analyses and propensity score calculations. A *p*-value of \< 0.05 was considered statistically significant. All statistical analyses were performed using Stata software, version 15.1 (Stata Corp. College Station, TX).

Results {#Sec5}
=======

Cohort Characteristics and Factors Associated with EBRT {#Sec6}
-------------------------------------------------------

A total of 885 patients underwent surgical resection for parathyroid carcinoma during the study period. Adjuvant EBRT was used in 126 (14.2%) patients. Demographics were similar between the EBRT and no EBRT groups. However, patients who had EBRT were more often treated at urban (*p* = 0.005) and non-academic centers (*p* = 0.010) compared with those who did not undergo EBRT. No rural centers administered EBRT (Table [1](#Tab1){ref-type="table"}). Patients who underwent EBRT (vs no EBRT) had a higher rate of regional tumor extension and nodal metastasis, and were less likely to have had an R0 resection (Table [2](#Tab2){ref-type="table"}). Of note, only 3 patients in the entire cohort had an R2 resection, and only 11 had distant metastasis at the time of diagnosis. On multivariable analysis, Black race, treatment at an urban facility (vs metropolitan), regionally extensive disease, pathologically positive lymph nodes, and residual microscopic disease (R1) were independently associated with EBRT (Fig. [1](#Fig1){ref-type="fig"}). When EBRT was used, 40--70 Gy was the most common dose (87%), with 8% and 2% of patients getting a higher and lower dose, respectively (3% had an unknown dose).Table 1Patient demographics and treatment facility characteristics stratified by external beam radiation therapy (EBRT)No EBRT *n *= 759EBRT *n *= 126*p* valueAge, mean (± STDV)57.8 (± 13.9)56.2 (± 11.7)0.220Sex, female364 (48.0%)55 (43.7%)0.370Hispanic63 (8.3%)10 (7.9%)0.891Race0.153 White588 (77.5%)87 (69.1%) Black128 (16.9%)31 (24.6%) Asian26 (3.4%)5 (4.0%) Other7 (0.9%)0 (0%)Charlson-Deyo comorbidity score0.934 0618 (81.4%)103 (81.8%) 1103 (13.6%)18 (14.3%) 227 (3.6%)4 (3.2%) ≥ 311 (1.5%)1 (0.8%)Insured684 (90.1%)115 (91.3%)0.686Median income (*n *= 871)^a^0.137 \< \$40,227127 (17.0%)29 (23.8%) \$40,227--50,353183 (24.4%)24 (19.7%) \$50,354--63,332179 (23.9%)34 (27.9%) ≥ \$63,333260 (34.7%)35 (28.7%)Distance to treatment facility0.436 Short (\< 10 miles)335 (44.1%)60 (47.6%) Intermediate (10--50 miles)316 (41.6%)45 (35.7%) Long (\> 50 miles)108 (14.2%)21 (16.7%)County (*n *= 870)0.005 Metropolitan647 (86.7%)97 (78.2%) Urban88 (11.8%)27 (21.8%) Rural11 (1.5%)0 (0%)Type of treatment facility (n = 798)0.010 Community34 (5.0%)11 (9.2%) Comprehensive community224 (33.0%)52 (43.7%) Academic/research program342 (50.4%)42 (35.3%) Integrated network cancer program79 (11.6%)14 (11.8%)^a^Median household income for the patient's residential zip code based on the 2016 American Community Survey dataTable 2Comparison of tumor and treatment characteristics between patients who did or did not undergo external beam radiation therapy (EBRT)No EBRT n = 759EBRT n = 126*p*-valueTumor size (n = 584)0.073 \< 3 cm292 (59.5%)46 (49.5%) ≥ 3 cm199 (40.5%)47 (50.5%)Tumor extension (n = 802)\<0.001 Localized468 (68.2%)49 (42.2%) Regional extension218 (31.8%)67 (57.8%)Regional lymph nodes\<0.001 pNx502 (66.1%)66 (52.4%) pN0247 (32.5%)50 (39.7%) ≥pN110 (1.3%)10 (7.9%)Distant metastasis at presentation8 (1.1%)3 (2.4%)0.213Surgical procedure0.373 Local excision429 (56.5%)65 (51.6%) Total excision264 (34.8%)44 (34.9%) Radical en bloc39 (5.1%)10 (7.9%) Debulking or surgery, not otherwise specified27 (3.6%)7 (5.6%)Extent of surgical resection (*n *= 643)\<0.001 R0466 (84.4%)57 (62.6%) R183 (15.0%)34 (37.4%) R23 (0.5%)0 (0%)Chemotherapy1 (0.13%)3 (2.4%)\<0.001Fig. 1Multivariable analysis of factors associated with external beam radiation therapy (EBRT) in patients with parathyroid carcinoma. All variables included had a *p* \< 0.1 on univariable logistic regression. *Shaded circles* denote *p* \< 0.05

Analysis of Overall Survival Between All Cohorts {#Sec7}
------------------------------------------------

In this patient population, the 5-year and 10-year OS was 85.4% (95% CI 82.4--87.9%) and 67.1% (95% CI 61.7--72.0%), respectively, with a median follow-up of 60.8 months. After accounting for demographics, comorbidities, facility details, and tumor characteristics on multivariable analysis, local median income above the 50th percentile and traveling an intermediate distance to a treatment facility were associated with a better prognosis. Factors that portended a worse OS included older age, Black race, Asian race, a Charlson-Deyo score of at least one, and distant metastasis. Presence of distant metastasis was the most predictive, with a greater than sixfold \[HR 6.2 (95% CI 2.5--15.5), *p* \< 0.001\] increased risk in mortality (Table [3](#Tab3){ref-type="table"}). Extent of surgical resection was not independently associated with OS.Table 3Results of multivariable cox regression in all patients (n = 833)^a^Hazard ratio95% Confidence interval*p* valueAge1.051.03-1.06\<0.001Sex, female0.720.50-1.010.060Hispanic1.100.54-2.280.788Race White1.0Reference-- Black1.591.03-2.450.035 Asian2.481.01-6.130.049Charlson-Deyo score ≥ 1^b^1.691.17-2.460.006Insured1.300.62-2.690.458Median income ≥ \$50,354^c^0.670.46-0.960.031Distance to treatment facility Short (\< 10 miles)1.0Reference-- Intermediate (10--50 miles)0.660.45--0.980.038 Long (\> 50 miles)0.770.42--1.440.421County of treatment facility Metropolitan1.0Reference-- Urban1.130.59--2.180.705 Rural0.740.09--5.730.770Type of facility Community1.0Reference-- Comprehensive community3.010.92--9.880.070 Academic/research program3.110.94--10.280.063 Integrated network cancer program3.420.99--11.780.051 Tumor size ≥ 3 cm1.400.93--2.130.111Tumor extension Localized1.0Reference-- Regional extension1.120.78--1.600.546Regional node status pN01.0Reference-- ≥ pN11.910.63--5.770.253 pNx1.050.72--1.540.807 Distant metastasis6.212.48--15.51\<0.001Surgical procedure Local excision1.0Reference-- Total excision0.790.54--1.150.214 Radical en bloc0.720.32--1.660.444 Debulking and surgery, NOS0.950.41--2.220.905Surgical resection^d^ R01.0Reference-- R10.620.33--1.150.128External beam radiation therapy1.290.78--2.110.320 Chemotherapy5.240.75--36.460.094*NOS*, not otherwise specified^a^The NCDB does not include data on vital status for patients diagnosed in 2016 due to limited follow-up time^b^Charlson-Deyo score greater than 75th percentile^c^Median household income in the tiers greater than the 50th percentile^d^No patients with residual macroscopic disease (*n *= 3) were lost to follow-up or died during the study period

Impact of EBRT on Overall Survival {#Sec8}
----------------------------------

No difference in OS was seen with EBRT utilization in the crude unadjusted analysis \[HR 1.3 (95% CI 0.9--2.0) *p* = 0.170\] or the multivariable analysis accounting for demographics, comorbidities, facility details, and tumor characteristics \[HR 1.3 (95% CI 0.8--2.1) *p* = 0.320\] (Table [3](#Tab3){ref-type="table"}). To reduce treatment-selection bias in the OS analysis and balance confounders between treatment groups, an IPW adjustment according to propensity scores was performed. In a cox regression using IPW, no association of EBRT with OS was identified \[HR 1.6 (95% CI 0.9--2.6), *p* = 0.098\], congruent with the aforementioned analyses (Table [4](#Tab4){ref-type="table"}).Table 4Associations between external beam radiation therapy (EBRT) and mortality in the crude, multivariable, and propensity-score analysesAnalysisMortality*p* valueNo. of events/no. of patients at risk (%)0.432 No EBRT137/712 (19.2%) EBRT27/121 (80.8%)Crude analysis, HR (95% CI)1.34 (0.88--2.02)0.170Multivariable analysis, HR (95% CI)1.28 (0.78--2.11)0.320Propensity-score analysis with IPW^a^1.55 (0.92--2.61)0.098*HR*, Hazard ratio^a^ Cox proportional hazards model using inverse probability weighting (IPW) according to the propensity score (n = 645). Goodness-of-fit assessed with Hosmer-Lemshow test (*p *= 0.505). Analysis trimmed at the 1^st^ centile to reduce bias

Sub-analysis of Patients with Local Extension or Metastasis {#Sec9}
-----------------------------------------------------------

Histologically, PC can be difficult to distinguish from atypical parathyroid adenomas or benign neoplasms, and thus pathologic diagnosis often relies on consideration of the overall picture (i.e., intraoperative signs of invasion, or presence of metastasis).[@CR16] Therefore, to address this potential limitation in the NCDB, patients with evidence of regional extension, or either nodal or distant metastasis were considered unequivocally to have parathyroid carcinoma (*n* = 298) in a subset analysis. EBRT was used in 23% (*n* = 70) of these patients but was not associated with an OS benefit \[HR 0.9 (95% CI 0.5--1.7), *p* = 0.854\].

Sub-analysis of Patients with Localized and Completely Resected Disease {#Sec10}
-----------------------------------------------------------------------

Among the entire cohort, the majority of patients (58%, *n* = 514) had localized (N0 or Nx, and M0), and completely resected (R0) disease. Within this subset, 10.5% (*n* = 54, 6.1% of entire cohort) were treated with adjuvant EBRT (Fig. [2](#Fig2){ref-type="fig"}a). Table [5](#Tab5){ref-type="table"} compares the demographics, facility details, tumor characteristics, and treatments between the two groups. No rural facilities administered EBRT to these patients, and those who had EBRT were more often treated at non-academic centers. On multivariable analysis, urban facility (vs metropolitan) was predictive of EBRT \[OR 2.6 (95% CI 1.2--5.5), *p* = 0.013\], and being treated at an academic/research program (vs community program) was associated with a decreased likelihood of EBRT \[OR 0.2 (95% CI 0.05--0.5), *p* = 0.003\]. EBRT use in this population did not confer a survival advantage (log-rank *p* = 0.085). When controlling for demographics, comorbidities, facility details, and tumor characteristics on univariable and subsequent multivariable analyses, EBRT again was not associated with a prognostic benefit \[HR 1.7 (95% CI 0.9--3.1), *p* = 0.094\] (Fig. [2](#Fig2){ref-type="fig"}b).Fig. 2Among the entire cohort, (**a**) the proportion of patients with localized disease and complete surgical resection, stratified by use of external beam radiation therapy (EBRT) is graphically represented, and (**b**) independent factors associated with overall survival (OS) in this population (n = 485) is shown. Variables were included in the multivariable model if *p* \< 0.1 on univariable analysisTable 5Clinicopathologic characteristics of patients with completely resected localized parathyroid carcinoma^a^ stratified by external beam radiation therapy (EBRT)No EBRT n = 460EBRT n = 54*p* valueAge, mean (± STDV)56.9 ± 14.256.1 ± 12.80.680Sex, female227 (49.4%)21 (38.9%)0.146Hispanic39 (8.5%)5 (9.3%)0.846Race0.201 White347 (75.4%)35 (64.8%) Black86 (18.7%)17 (31.5%) Asian16 (3.5%)2 (3.7%) Other4 (0.9%)0 (0%)Charlson-Deyo score ≥ 1^b^84 (18.3%)9 (16.7%)0.773Insured419 (91.1%)50 (92.6%)0.711Median income ≥ \$50,354^c^265 (57.6%)28 (51.9%)0.419Distance to treatment facility0.743 Short (\< 10 miles)198 (43.0%)26 (48.2%) Intermediate (10--50 miles)194 (42.2%)20 (37.0%) Long (\> 50 miles)68 (14.8%)8 (14.8%)County (n = 507)0.021 Metropolitan389 (85.7%)38 (71.7%) Urban63 (13.9%)15 (28.3%) Rural2 (0.44%)0 (0%)Type of facility (n = 454)\<0.001 Community18 (4.5%)6 (12.0%) Comprehensive community132 (32.7%)26 (52.0%) Academic/research program216 (53.5%)10 (20.0%) Integrated network cancer program38 (9.4%)8 (16.0%)Tumor size (*n *= 337)0.583 ≤ 3 cm178 (59.1%)23 (63.9%) ≥ 3 cm123 (40.9%)13 (36.1%)Tumor extension (*n *= 471)0.358 Localized304 (72.2%)33 (66.0%) Regional extension117 (27.8%)17 (34.0%)Regional lymph nodes0.124 pNx288 (62.6%)28 (51.9%) pN0172 (37.4%)26 (48.2%)Surgical procedure0.196 Local excision252 (54.8%)28 (51.9%) Total excision171 (37.2%)18 (33.3%) Radical en bloc26 (5.7%)4 (7.4%) Debulking or surgery, NOS11 (2.4%)4 (7.4%)*NOS*, not otherwise specified^a^Completely resected localized disease was defined as N0 or Nx, M0, and R0 parathyroid carcinoma^b^Charlson-Deyo score greater than 75th percentile^c^Median household income for the patient's residential zip code based on the 2016 American Community Survey data in the tiers greater than the 50th percentile

Discussion {#Sec11}
==========

PC is a rare disease characterized by slow progression, frequent recurrences, and difficult-to-control hypercalcemia; consequently, patients often undergo repeated surgical resections. The AAES published guidelines for the definitive management of primary hyperparathyroidism in 2016, recommending against routine EBRT use in PC, but to reserve it for palliative care.[@CR16] However this recommendation (recommendation 12-5) was based on low-quality evidence available at the time.[@CR16] With the use of a large cancer database, we aimed to characterize the utilization of EBRT and identify any associated survival benefit. We found that over 14% of patients diagnosed with PC undergo EBRT. Factors associated with its use include Black race, treatment at an urban facility (vs metropolitan), and signs of advanced disease---invasive lesions, R1 resection, and nodal metastasis. Despite the considerable use of EBRT, no survival benefit was associated with this therapy, even after accounting for treatment-selection bias using a propensity-score-based analysis. Furthermore, over 10% of patients with localized and completely resected disease also underwent EBRT, despite the lack of a documented survival benefit.

We found a 5-year OS of 85%, consistent with the current literature.[@CR3]^,^[@CR10]^,^[@CR27] Distant metastasis is the most frequently reported marker of poor prognosis, with hazard ratios ranging from 4.7 to 11.6.[@CR3]^,^[@CR9]^,^[@CR13]^,^[@CR25] This is similarly seen in our data, with a sixfold increase in mortality independently associated with metastasis. Several prior studies have noted larger tumor size, greater than 3 cm[@CR1] or greater than 4 cm,[@CR12] and positive lymph nodes[@CR13]^,^[@CR27] are associated with worse OS. However, neither tumor size (greater or equal to 3 cm) nor pathologically positive lymph nodes impacted survival in this study. Similar conflicting results were found by Asare et al. who identified a 2% increased risk of death with each centimeter increase in tumor size, but neither tumor size categorized \>/\< 4 cm nor nodal metastasis was associated with OS in their study.[@CR12] These discrepancies between studies highlight the difficulty in determining a prognostic staging system for PC.

Surgery is the standard of therapy for PC, although the extent of surgical resection is highly debated. The usual recommendation is complete tumor resection with an ipsilateral hemithyroidectomy with or without central lymphadenectomy regardless of gross tumor involvement.[@CR8] Wachter et al. showed that more aggressive surgery (i.e., parathyroidectomy with ipsilateral hemithyroidectomy and central lymph node dissection) compared with parathyroidectomy alone, resulted in an increase in disease-specific survival from 18 to 143 months.[@CR2] However, the majority of reports have not shown an association between the extent of surgery and OS---and the data presented here corroborate these previous findings.,[@CR1]^,^[@CR8]^,^[@CR25]^,^[@CR28] Thus, the data bring into question the benefit of prophylactic aggressive resection in the absence of gross invasion.

As previously stated, adjuvant EBRT is not recommended as standard therapy for PC. No reports, including this study, have shown a survival advantage with EBRT use.[@CR3]^,^[@CR12]^,^[@CR13]^,^[@CR17] Therefore, being able to tease out which patient populations may benefit from EBRT as opposed to those in whom it is unnecessary is important. Tumor recurrence is a staple of this disease, with rates of 33--78% often within the first 2--5 years after initial surgery.[@CR8]^,^[@CR11]^,^[@CR17]^,^[@CR28] Four case series have shown improvement in disease recurrence with EBRT compared with historical rates. Munson et al. and Busaidy et al. reported only one local relapse in a total of 10 patients with total follow-up of 20--228 months who were treated with 69 Gy and 60 Gy EBRT, respectively, after non-standardized surgical resections.[@CR11]^,^[@CR19] In both Chow et al. and Christakis et al.'s studies, all 10 patients underwent the standard oncologic resection with adjuvant EBRT (40 Gy). No recurrences were identified over a follow-up of 1 to over 12 years.[@CR18]^,^[@CR20] Although these results are statistically underpowered, they are provocative, and potentially identify a benefit of EBRT in the treatment of PC. This may account for the relatively high number of patients undergoing EBRT reported in the NCDB, despite the traditional notion that PC is radio-resistant.

As a consequence of these reports, some have proposed that adjuvant EBRT should be used in patients at higher risk of local relapse---patients with residual disease or tumor present within 2 mm of the resection margin, breakage of the tumor pseudocapsule, or when nodal metastasis is present.[@CR4] These guidelines encompass the indications for EBRT use in each of the aforementioned case series. Therefore, it is concerning that the NCDB data shows that more than one tenth of patients with R0, M0, N0/Nx disease underwent adjuvant EBRT, few of whom would meet any of the proposed criteria for EBRT treatment and are even less likely to be palliative. Among these patients, those diagnosed at academic centers were 83% less likely to receive EBRT compared with those treated at community centers, which suggests that the potential overuse of EBRT may be facilitated by the rarity of the disease and, therefore, inconsistent familiarity with the most up-to-date treatment consensus across institutions.

The AAES guidelines recommend reserving EBRT for palliative treatment because of the difficultly a radiated field poses for subsequent surgery. The consensus treatment for PC recurrence is surgery in order to remove tumor bulk and alleviate associated hypercalcemia. Most patients require multiple operations, with each intervention predisposing them to increased risk.[@CR14]^,^[@CR17] Therefore, EBRT may be a hazard to those patients who recur, and likely should only be considered in patients with refractory disease who are not candidates for re-operation.

Limitations of this study arise from the use of the NCDB, a retrospective database that relies on the accurate coding of a specific set of clinical and oncologic variables. In particular, the histology of PC can vary and requires histologic identification of unequivocal angioinvasion.[@CR16] A pathologic review cannot be performed within the NCDB to ensure there is no overlap with atypical parathyroid lesions. Given this NCDB limitation, a sub-analysis was performed in patients considered to definitively have PC---those with regional tumor extension or metastasis (nodal or distant). The OS results for this subgroup were consistent with the main analysis. The NCDB does not have the granularity to identify all indications for EBRT use---for example, the exact proximity of the tumor to the surgical margin, and operative details such as tumor capsule integrity. Patient calcium and parathyroid hormone levels are also unavailable, which may influence prognosis as well as influence management decisions. Data on local recurrence and number of operative resections would also be valuable to augment our analysis of overall survival. Despite these limitations, the size of the NCDB allows for a thorough analysis of an uncommon treatment in a rare disease.

In conclusion, PC is a rare malignancy characterized by moderate OS. Although a few case series have shown a decreased recurrence rate in high risk patients after adjuvant EBRT therapy, an overall survival benefit has yet to be seen, which supports the AAES recommendations against the routine use of EBRT. Nevertheless, we discovered that a significant percentage of patients undergo EBRT despite these standardized guidelines. Therefore, adjuvant EBRT may be overutilized, particularly in patients with localized disease and complete surgical resection. Multi-institutional studies with standardized EBRT regimens are needed to assess whether adjuvant EBRT truly has a role in preventing PC recurrence and to identify which patients should be considered for this therapy.
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